gas transfer in the lung and which causes progressive restriction of ventilatory capacity. Impairment of gas transfer can be detected before there are any radiological changes indicating fibrosis. Fortunately, as a result of improvement in occupational hygiene following the implementation of legislation, this disease is becoming rare. The development of fibrous plaques which may subsequently calcify is dealt with in detail in the accompanying papers. Among workers exposed over several years to asbestos of any type lung cancer is found more frequently than among the general population (Doll 1965) , though the excess is happily diminishing (Knox et al. 1968 ). Selikoff et al. (1969) have pointed out that lung cancer is only found in asbestos workers who also smoke; this may be true synergism in the mechanism whereby these cancers are produced.
The study of Wagner et al. (1960) , describing the associations between pleural mesothelioma and exposure to crocidolite, began a new era in work on asbestos since they demonstrated that the exposure to the dust which produced these fatal tumours could be acquired merely by living near to mines or works processing crocidolite. The prevalence and distribution of these tumours have been studied by many workers in this country and a similar association with occupation or residence near asbestos works has been demonstrated (Newhouse & Thompson 1965) . Exposure need be only minute and the tumours may not appear for forty years. There is evidence which leads one to suggest that peritoneal mesotheliomas may, too, be associated with exposure to asbestos and there have been reports of higher incidences of cancer of the gastrointestinal tract among asbestos workers (Hammond et al. 1965) .
The asbestos body merits mention. It is an odd dumb-bell-shaped microscopic body consisting of a fibre enclosed in a proteinaceous sheath stained with ferritin, is found in sputum and in the lung and signifies merely that the subject has at one time been exposed to asbestos and not that he is suffering from asbestosis. When sought diligently in post-mortem material it has been shown that the lungs of most of us, even in the absence of occupational exposure, contain asbestos bodies. There has been some recent work which suggests that not all the bodies which used to be thought to be asbestos bodies do indeed contain asbestos fibres and that unless the mineral is identified with certainty by electron diffraction or the use of other techniques the bodies ought more properly to be termed 'ferruginous ' (Utidjian et al. 1968 ).
Much research is in progress to identify the carcinogen in asbestos. Polycyclic hydrocarbons have been detected and there are some paraffinlike fractions which can be extracted by prolonged refluxing with organic solvents. It is important to make sure that some of the organic material found in asbestos by several workers is not a contaminant. During the mining and milling processes there are many opportunities for contamination. During careful analyses of standard samples used in experimental work Commins & Gibbs (1969) found that one of the impurities was derived from an anti-oxidant incorporated in the polythene bag in which the samples were stored. Likewise some commercial samples may be contaminated by oil from the jute bags in which the asbestos is shipped.
As research on the nature and effects of the various types of asbestos proceeds we would do well to heed Legge's aphorism: where possible use a safe substitute. Surgeon Captain F A F Mackenzie (X-ray Department, Royal Naval Hospital, Plymouth, South Devon)
The Radiological Investigation of the Early Manifestations of Exposure to Asbestos Dust Naval Dockyards have been using large quantities of asbestos lagging during the past twenty-five years, in ships' engine rooms and to line the undersides of the flight-decks of aircraft carriers. Registered asbestos workers have been examined by annual large films during this period and it was in this group that I first discovered signs of early pulmonary fibrosis in 1959.
A Medical Research Unit was established at HM Dockyard, Devonport, in 1966 in close collaboration with the Medical Research Council Pneumoconiosis Unit. The first 1 in 10 population sample by Sheers & Templeton (1968) on 100 mm film showed that over 4 % of the men in Devon-port Dockyard had changes related to asbestos exposure. In subsequent studies a similar prevalence has been discovered at the other Naval Dockyards. A total of 1,200 cases showing such signs may be expected in the whole population under study. Pleural abnormalities are ten times more common than lung lesions, but both may be found in conjunction with each other.
The present figures for Devonport Dockyard for May 1970 show 106 patients with disability pensions for asbestosis, 35 cases of mesothelioma and 500 showing evidence of asbestos pleural abnormalities. There have been major improvements in dust control since 1967 and substitutes have been found for some uses of asbestos, but the results of this reduction in exposure have yet to be seen. There is usually a long interval of 15-20 years between first exposure and the development of pleural or pulmonary lesions.
Methods of Radiological Investigation
The X-ray units in hospitals and sick-quarters have been employed for investigation of registered asbestos workers, for recalls from 100 mm surveys, and for review of known cases. A mobile 100 mm film survey eliminates screen problems and, with a high technical standard, usually achieves a rate of 400 patients per day. It is the first choice for the selection of patients from the complete dockyard population. Mobile large film units have been used for the investigation of coal miners' pneumoconiosis to detect minimal pulmonary nodules but usually achieve a quarter of this rate. Mobile large film units are likely to be most useful for the investigation of selected groups at high risk.
The aim in conventional large film studies is to achieve a high standard of radiography in an industrial population of heavy build, so that identical films may be obtained for annual comparison. We have aimed to produce this standard by recording the exposure on a card file system, using a low kilovoltage technique and paying close attention to the quality of the normal speed screens for contact, cleanliness and abrasions. Films are processed automatically.
High kilovoltage techniques are popular in the USA and Finland but add to the complexity in a large industrial survey. Methods to reduce scatter such as copper filtration of the film, or an air gap between the patient and the film have been tried but neither is entirely satisfactory. Ultra fine focus, with high milliamperage is largely in the experimental stage.
Pleural lesions are best seen tangentially (Selikoff 1965) . The conventional oblique views at 50-60' angulation have been designed to demonstrate fissures and the heart shadow, but unobstructed view oflung margin. The space between the lung margin and the internal border ofthe ribs is an important diagnostic region in early hyaline plaque formation. The lung windows in theposterior sulcus give optimum detail to assess earlypulmonaryfibrosis in asbestos disease lesions may be shown anywhere on the pleural surfaces. The most important additional view is a special oblique (Mackenzie & Harries 1970) as the PA view is incomplete and the lateral view can display only the diaphragmatic pleura. We have selected a 450 angulation (Fig 1) , using a template for positioning, which will demonstrate the pleural surface on the anterior and posterior axillary lines and on the diaphragm. The films are taken without a grid with a postero-anterior projection and a focal film distance of 60 inches (152 cm) to ensure that the whole chest is included on the film. The right anterior oblique is more rewarding in the detection of pathology if a single oblique view is taken. This projection displays the blind zone on postero-anterior views of the posterior sulcus of the diaphragm, which is a common site for early lesions. This projection also eliminates overlying shadows caused by the costal cartilages and spinous processes.
An important diagnostic area is the space between the inner border of the ribs and the lung margin and a localized expansion of this region occurs in the presence of a hyaline plaque. A most valuable additional advantage is that one can see early pulmonary fibrosis in the diamondshaped spaces between the intersecting ribs posteriorly. Here we have a small wedge of lung tissue lying as close as possible to the film with the overlying soft tissue reduced to a minimum, and it is in this region that we expect to find the earliest changes of fibrosis.
Pulmonary Fibrosis
Pathologists have shown that pulmonary fibrosis is first seen microscopically as thickening of the interlobular septa in the subpleural zone posteriorly in the lower lobes. The thickened septa communicate with the pleural surface. There is a gradual increase in the interstitial fibrosis with distortion of the terminal bronchioles and distal air spaces (Caplan et al. 1965) .
The radiological appearance of pulmonary fibrosis in the early stages is beyond the resolution of the focal spot size of conventional X-ray tubes. Pulmonary fibrosis is very difficult to assess on a single film. Changes in the region of the posterior diaphragmatic sulcus in a series of films over a period of years raise the first index of suspicion. Progress of the fibrosis is shown by ill-defined nodular and linear shadowing in the basal and mid-zone, lacking the definition of the nodules seen in silicosis. There is a gradual elevation of the diaphragm as fibrosis proceeds. The discovery of noncalcified or calcified pleural plaques is good confirmatory evidence of asbestos exposure. The term 'asbestosis' at the present time should be confined to the diagnosis of pulmonary fibrosis.
Pleural Changes
During the last decade there has been a considerable increase in the number of cases showing pleural involvement due to asbestos exposure. This is, in part, due to increased recognition of these lesions, but also to a real increase in their incidence.
Isolated examples suggesting pleural involvement were reported in the 1930s, but a report by Jacob & Bohlig in 1955 showed a 5 % incidence of pleural calcification in Dresden asbestos workers.
The classic paper of Kiviluoto (1960) in Finland and a later paper by Hourihane et al. (1966) in London describe the radiological and pathological changes in the pleura. These papers describe the development of laminated sessile plaques of hyaline tissue on the parietal pleura at the sites of greatest respiratory movement. There is no adhesion of the pleura as can be shown by pneumothorax. The hyaline plaques are the site of origin of the calcified plaques. I have seen several radiological examples of the early calcification of these plaques which occurs either as a linear plate at the base of the plaque (Fig 2) or as linear or nodular calcification on its surface. Advanced cases show multinodular, holly-leaf or geographic plaques which are easily recognized. Other lesions can be seen Early calcification can be seen at the base ofthe plaque which involve the visceral pleura in the form of thickening of the fissures, fine and coarse linear fibrosis and digital tension linear thickening which causes constriction.
Another type of lesion which we are seeing with increased frequency in naval ratings over the age of 30 and in dockyard workers is a silent pleural effusion (Eisenstadt 1964 (Eisenstadt , 1965 , which is discovered in routine chest radiographs. The pleural reaction commences on one side and tends to resolve to appear later on the opposite side and perhaps to recur again at the site of the original effusion. We have observed a few of these patients for as long as ten years. These pleural reactions tend to resolve, to produce linear pleural thickening and it is possible that this may be the origin of at least some of the visceral involvement. Diffuse pleural thickening may be seen over the lateral chest wall which shows as a low density shadow with a clearly defined margin. Some cases with this lesion have progressed to develop the invasive pleural thickening of mesothelioma. The onset of chest pain with one of these types of effusion or an extension of the diffuse pleural thickening suggests the possibility of mesothelioma.
Dr D E Fletcher (X-ray Department, North Lonsdale Hospital, Barrov in Furness)
Asbestos-related Chest Disease in Joiners
The Vickers Shipbuilding and Engineering Works Clinic has a collection of routine PA chest films of employees who have been X-rayed for administrative reasons. Excluding females and men under the age of 25 there are 4,223 sets of films, many including serial examinations covering a number of years. These films have recently been reviewed and 5-5 % of all workmen were found to have evidence of pleural plaques. The prevalence in individual trades is shown in Table 1 : almost a third of the joiners have plaques, nearly double the percentage found in laggers. The appearance of these plaques has recently been described elsewhere (Fletcher & Edge 1970) .
By arrangement with shop stewards of the Amalgamated Society of Woodworkers detailed examinations were offered to 185 shipyard joiners and 90 joiners working for building contractors in the town. One hundred and seventy-seven men attended and both PA and oblique films were Table 2 shows that more than a third of the men have plaques, most of which are uncalcified. The incidence increases rapidly with age but there is a drop in the oldest age group which may indicate that there was less exposure previously. Plaques were found most commonly near the posterior angles of the ribs, and also near the anterior angles. Fig 1 shows a typical uncalcified plaque of plateau shape with abrupt edges, a flat top, and a smooth or slightly nodular contour. The plaque in Fig 2 tapers more gradually into normal pleura. This type could be confused with normal fat pads, which tend to be less dense and more symmetrical in their distribution. Fig 3 shows a plaque of this type with a faint outline of the edge of the plaque more medially. This appearance is very characteristic. Sometimes both edges of the plaque and the tangential contour are visible, producing a triple outline. 
